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ABSTRACT 


A  microminiature  30-Mc  IF  amplifier  stage  was  fabricated  from  vacuum- 
deposited  thin-film  passive  components  and  two  inserted  parts.  The 
vacuum-deposited  parts,  thin  films  of  nickel-chromium,  aluminum,  and 
silicon  monoxide,  were  laid  down  for  use  as  resistors,  conductors  and  di¬ 
electrics,  respectively.  In  the  deposition  processes,  dimensionally 
accurate  masks  are  essential  and  they  were  achieved  by  the  use  of  a  spark 
erosion  technique.  A  specially  designed  mask-and-substrate  holder  ac¬ 
curately  indexed  the  masks  relative  to  the  substrates. 

Three  models  of  this  amplifier  were  made  but  one  could  not  be  used 
due  to  a  short  in  the  circuit.  The  other  two  circuits  showed  gains  of 
16.5  and  14.7  db.  When  one  circuit  was  retested  after  storage  in  a 
desiccator  for  one  year  at  room  temperature,  the  gain  was  15.1  db. 

This  amplifier  represents  the  first  HDL  operating  device  to  employ 
vacuum-deposited  conductors,  resistors,  and  capacitors. 

1.  INTRODUCTION 

In  prior  work  at  HDL,  a  miniature  30-Mc  IF  amplifier  had  been  con¬ 
structed  by  Yetter  and  Hall  (ref  1)  in  a  2D  form  using  etched  wiring, 
printed  resistors,  and  inserted  capacitors,  coils,  and  transistors. 
Simultaneous  development  of  vacuum-deposited,  thin-tilm  conductors, 
resistors,  and  dielectrics  was  in  progress  (ref  2,3)  with  the  objective 
of  eventual  application  in  microminiature  circuits.  As  a  combination 
and  extension  of  these  two  efforts,  a  30-Mc  IF  amplifier  stage  was  chosen 
for  fabrication  by  thin-film  techniques.  In  the  new  thin-film  device,  the 
resistors,  conductors,  and  dielectrics  were  to  be  vacuum  deposited  onto 
the  substrate  but,  failing  techniques  for  vacuum  deposition  of  trans¬ 
formers  and  transistors,  these  latter  parts  would  Etill  have  to  be  in¬ 
serted  into  the  substrate. 

2.  EXPERIMENTAL  METHODS 

2 . 1  Design  of  the  Amplifier 

Based  on  the  prior  vacuum  evaporation  work,  the  materials 
chosen  for  the  thin-film  conductors,  resistors,  and  dielectrics  were 
aluminum,  80  percent  nickel;  20  percent  chromium,  and  silicon  monoxide, 
respectively.  The  aluminum  conductors  were  planned  in  thicknesses  to 
give  resistances  less  than  0.5  ohm  per  square. 

The  resistors  and  capacitors  had  to  be  designed  to  give"T;he 
resistance  and  capacitance  values  required  by  the  30-Mc  IF  amplifier 
circuit,  shown  in  figure  1.  Satisfaction  of  this  requirement  involved 
first,  selection  of  the  minimum  film  thickness  compatible  with  homo¬ 
geneity  of  the  film,  next,  selection  of  width,  next,  calculations  of 
lengths  for  resistors  and  of  areas  for  capacitors,  and  finally,  layout 
of  the  thin-tilm  circuit  design  shown  in  figure  2. 
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Figure  1.  Schematic  diagram  of  the  30-llc  IF  amplifier  circuit 


0-6  'NCH - H  _  resistors 


Figure  2.  Thin-film  SO-ltc  IF  amplifier  circuit  lavout. 


The  30-Mc  IF  amplifier  stage  required  five  resistors,  three 
with  values  of  1000  ohms,  one  of  3000  ohms,  and  one  of  3600  ohms.  Since 
the  minimum-thickness  nickel-chromium  film  gives  a  resistance  value,  CT 
(see  below),  of  about  100  ohms  per  square  of  resistance  area,  and  the 
resistors  were  planned  in  0.010-in.  widths  on  a  0.6-in. -square  glass 
substrate,  required  resistor  lengths  were  calculated  from  the  following 
formula : 


i  =  RW/a 


where 


f  =  length  of  resistor,  in  in. 

R  ^  resistance,  in  ohms 
a  =  resistance/sq. ,  in  ohms/sq. 
w  =  width  of  resistor,  in  in. 

Another  consideration  in  planning  these  small-area  thin-film 
resistors  was  power  dissipation  of  the  thin  film.  This  can  be  a  problem 
because  of  the  small  radiating  surface  involved.  However,  it  was  known 
(ref  2)  that  the  resistors,  as  designed  for  this  thin-film  circuit,  had 
sufficient  area  to  dissipate  the  available  power. 

The  amplifier  stage  required  four  0,001-^1  capacitors.  The 
dielectric  constant,  K,  for  an  SiO  thin-film  dielectric  (5000  A  in  thick¬ 
ness)  varies  from  5  to  7  depending  upon  the  conditions  of  deposition;  and 
previous  work  had  shown  5  to  be  the  figure  more  applicable  to  such  films 
made  at  HDL.  Hence,  the  required  area  of  a  5000-A-thick,  0,001-(if  SiO 
dielectric  was  calculated,  using  the  following  formula 


0.0855K 

where 

A  -  area,  in  cm® 
d  =  dielectric  thickness,  in  cm 
C  capacitance,  in  pf  x  10“® 

K  =  dielectric  constant 
and  was  found  to  be  0.1129  cm®. 
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2 . 2  Preparation  o]'  Mask- ind-Sub  =; t e  Holder 

Since  the  thin-film  pirt?-  must  have  close  dimensional  tolerances, 
a  device  was  necessary  to  position  and  hold  the  mask‘d  precisely  relative 
to  the  substrates.  Such  a  holder  was  designed  and  is  shown  in  figure  3. 
This  holder  was  designed  to  hold  up  to  ten  substrates  and  masks.  It  is 
basically  a  stainless  steel  plate,  7  in.  in  diameter,  to  which  can  be 
screwed  the  ten  individual  mask-and-subs trate  holders. 

The  ten  small  individual  holders  are  stainless  steel  discs, 

1.25  in.  in  diameter,  the  top  and  bottom  halves  each  being  1/8  in.  thick 
(fig.  4).  They  were  milled  to  provide  a  recess  for  the  glass  substrates 
used  in  this  work.  This  recess  was  0.600  +  0.0005  in.  square,  and  0,046 
in.  deep.  A  stainless  steel  mask  talro  shown  in  fig.  4)  was  normally 
placed  over  the  glass  substrate  in  the  recess.  The  mask  was  held  in  its 
proper  lateral  position  by  means  of  indexing  pins,  and  at  the  same  time 
was  held  firmly  against  the  substrate  by  meins  of  spring  clips. 

A  circular  heater  was  also  attached  to  the  7-in.  plate  and  was 
capable  of  heating  the  substrates  to  300°C. 

2.3  Preparation  of  St Jinle~--Steel  Masks 

As  indicated  in  figure-  2,  lour  different  masks  were  needed  in 
the  fabrication  of  one  30-Mc  Jirplifier  circuit.  Slot  width.:-  were  re¬ 
quired  to  be  as  narrow  as  0.010  in. 

The  masks  were  made  from  0.002  in. -thick  -t  iinless-steel 
shim-stock  blanks  using  a  .->park-erosion  machine.  The  mask-blank  and  a 
copper  electrode  were  connected  in  the  same  electric  circuit,  and  the 
electrode  w-as  spaced  from  the  workpiece  at  the  required  dist-ince  for  a 
spark  to  be  generated  in  the  gap.  Thi-  entire  sy.-tem  wa^  immersed  in  a 
dielectric  liquid,  which  prevented  combustion  and  acted  as  a  cooling 
igent .  The  electrical  breakdown  of  this  dielectric  liquid  led  to  a 
spark  that  produced  local  melting,  ind  partial  evaporation  of  the  surface 
metal,  thus  producing  erosion  in  both  electrodes.  The  copper  electrode 
had  a  male  shape  corresponding  to  the  shape  of  the  hole  or  recess  to  be 
formed  in  the  bl-ank.  As  the  work  wa-  eroded  by  sparking,  the  copper 
electrode  was  advanced  to  maintain  the  spark  gap,  and  was  continually 
readvanced  until  it  had  penetrated  as  far  as  required  into  the  blank. 

A  fixture  was  prepared  'o  aid  in  the  exact  po-itioning  of  the 
spark-eroded  slots  in  the  -t -rinlc  ss- stee  1  masks.  The  fixture  employed 
six  pins  having  diameters  of  0.062  in.,  two  were  for  mask-local ing,  and 
corresponded  to  the  mask-locating  pins  in  the  mask-and- substrate  holder, 
the  remaining  four  pins  were  used  with  polytetrafluoroethylene  gage 
blocks  to  accurately  guide  the  spark  erosion  electrodes  to  their  required 
position  above  the  stainless-steel  mask  blank.  Twelve  masks  were  pre¬ 
pared  at  one  time  by  allowing  the  spark  erosion  machine  to  spark  through 
a  stack  of  twelve  blanks. 
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Figure  3.  Multiple  mask-and-substrate  holder. 


ALIGNMENT  HOLES 


Stainless-Steel  Mask 


Figure  4.  Mask^  substrate^  and  Individual  mask-and-substrate  holder. 
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An  0 .010-in. -wide  line  in  the  stack  of  twelve  masks  was  checked 
on  a  shadowgraph  of  magnification  lOX.  The  widths  of  this  line  in  the 
first  (top),  third,  sixth,  ninth  and  twelfth  (bottom)  mask  were  compared. 

2.4  Preparition  of  GJ_iss  Siiljsl  ra  i  os 

Glass  substrates  were  prepared  in  the  dimensions  0.6  in.  by 
0.6  in.  by  0.040  in.  Circular  holes  were  provided  in  the  substrates  for 
insertion  of  a  transistor,  a  toroid,  and  lead-out  wires.  The  diameteis 
of  the  holes  for  the  transistor  and  toroid  were  0.190  in.  and  0.175  in., 
respectively.  These  holes  were  made  by  an  ultrasonic  grinding  technique 
described  by  Krawczyk  (ref  4). 

Next,  the  substrates  were  cleaned,  first  in  an  ethyl  alcohol 
vapor  bath  and  then  by  a  hot  chloroform  spray.  The  time  between  spraying 
the  substrates  with  hot  chloroform  and  deposition  of  resistors  on  them 
in  an  evacuated  vacuum  chamber  was  always  kept  to  a  minimum.  The  final 
cleaning  op)er at  ion  was  accomplished  by  glow  discharge  bombardment  in  the 
partially  evacuated  vacuum  chamber  (ref  5). 

2.5  Deposition  of  Resistors 

The  resistor  masks,  as  well  as  all  other  masks  used  in  this 
study,  were  cleaned  in  the  same  manner  as  the  glass  substrates,  i.e., 
in  an  ethyl  alcohol  vapor  bath  followed  by  a  hot  chloroform  spray. 
Immediately  after  cleaning,  the  substrates  and  masks  were  placed  in 
their  holders  and  inserted  into  the  vacuum  chamber. 

With  the  pressure  at  0.04  torr,  a  glow  discharge  was  initiated. 
The  glow  discharge  was  maintained  for  3  min  at  a  potential  of  2  to  3  kv 
and  a  current  of  100  to  150  ma .  During  this  time,  the  pressure  varied 
over  the  range  0.02  tc  0.04  torr.  The  pressure  was  then  allowed  to  fall 
to  5  X  10”'  torr  while  the  glass  substrates  were  heated  by  the  circular 
resirtince  element  located  in  the  center  of  the  mask-and-substrate  holder 
plite.  The  temper.iture  of  the  substrates  was  held  at  300°C  during  the 
deposition  of  the  nickel-chromium  resistors. 

The  .ipparatus  used  in  the  vacuum  chamber  for  the  deposition  of 
nickel-chromium  resistors  consisted  of  the  bell  shaker-type  arrangement 
-hown  in  figure  5.  This  shaker  i-  a  modified  version  of  a  shaker  used 
by  Moll  (ref  6).  This  bell  .shaker  system  permitted  pellets  of  80  percent 
nickel  .  20  percent  chromium  to  be  shaken,  a  few  at  a  time,  onto  a  white 

hot  tungsten  boat,  thereby  causing  "flash"  or  in.stantaneous  evaporation 
oi  the  nickel-chromium  pellets.  This  technique  can  be  expected  to  yield 
film.s  of  re.Asonably  uniform  composition,  as  distinguished  from  films 
built  up  in  a  graduated  r.at  io  of  nickel  to  chromium  resulting  from  the 
diilerence  in  vapor  pre-ssure  of  the  two  metals.  In  addition,  flashing 
Ic'r-ened  the  chance  of  contaminating  the  films  with  the  boat  material 
(tung.ster>  becau.,e  the  nickel -chromium  pellets  remained  in  contact  with 
the  tungsten  boat  for  only  an  instant  before  they  were  evaporated. 
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THERMOCOUPLE 


In  order  to  monitor  the  resistance  values  of  the  nickel- 
chromium  films  as  they  were  being  deposited,  a  glass  monitor  slide  was 
placed  on  the  holder  plate  at  the  same  distance  from  the  source  as  the 
mask-and-substrate  holders.  The  area  dimensions  of  this  monitor  slide 
were  0.5  in.  by  1.0  in.,  and  it  was  provided  with  0.25-in. -wide  gold 
electrodes  at  either  end  to  which  pressure  contact  was  made.  The  leads 
from  the  pressure  contact  were  brought  out  of  the  vacuum  chamber  and 
connected  to  an  ohmmeter. 

The  deposition  of  nickel-chromium  continued  until  the  resistance 
of  the  monitor  reached  a  value  of  90  ohms.  Since  the  resistor  area  was 
square  in  shape,  this  value  could  also  be  expressed  as  ohms  per  square. 

The  evaporation  was  stopped  and  the  substrates  were  allowed  to  cool  to 
room  temf>erdture  before  the  chamber  was  opened  to  the  atmosphere. 

These  resistors  were  annealed  for  10  min  at  250°C  in  air. 

2.6  Deposition  oi  Bottom  Conductor  Pattern 

The  milks  for  the  bottom  conductor  pattern  were  cleaned  in 
solvent  in  the  same  manner  as  that  described  previously,  positioned  over 
the  substrates  in  The  mask-and-substrate  holder,  ind  the  assemblies  were 
immediately  placed  in  the  vacuum  chamber.  The  pressure  was  lowered  to 
0.01  torr  and  the  substrates  were  glow-discharge  cleaned  for  3  min  as 
described  »bove  in  the  procedure  for  resistor  deposition. 

I'olloMing  the  glow  discharge,  Hie  pressure  was  lowered  to 
5  X  10“'^  torr.  At  this  pre".sure,  aluminum  was  thermally  evaporated  from 
a  re ■  i 5t ance-heat ed  molybdenum  boat  onto  the  room-temperature  substrates. 

In  thi-  evaporation,  the  resistance  oi  the  aluminum  conductors 
not  monitored  as  in  the  case  oi  the  nickel-chromium  resistors.  In- 
=teid.  a  "charge’  of  125  mg  of  aluminum  wire  was  carefully  weighed  out 
before  the  evaporition.  This  charge  was  then  evaporated  to  completion. 

It  wj-  known  from  many  previous  aluminum  evaporations  that  this  amount 
of  charge,  at  The  boa t - subs t rat e  distance  (20  cm>  being  used,  would  give 
an  idequately  thick  conducting  element. 

2  7  Dtpo='ition  of  the  Silicon  Monoxide  Dielectric 

The  rr.  .sks  for  the  dielectric  were  cleaned  in  solvent  in  the 
same  way  as  were  the  masks  for  the  resistors  and  conductors.  The  glow 
discharge  cleaning  of  the  substrates  was  also  carried  out  in  the 

same  manner  is  that  described  in  the  procedure  for  the  deposition  of  the 
re- 1st  or  -  and  conductors  ,, 

The  apparatus  used  in  the  evaporation  of  silicon  monoxide  (SiO) 
tlig,  6'.  i/asa  modi  i  ic  it  ion  of  that  described  by  Drumheller  (ref  7).  In 
essenfe.  this  c>l indr leal  vaporizer  i?  designed  to  insure  that  the  sub¬ 
strate  "-ce"  only  ’he  SiO  vapor  that  passes  into  the  inner  perforated 


Figure  6.  Diagram  of  silicon  monoxide  cylindrical  evaporator. 


cylinder,  and  not  the  SIO  particles  resulting  from  the  violent  spitting 
that  is  often  observed  during  the  evaporation  of  SiO.  This  apparatus 
was  made  of  tantalum. 

After  the  glow-discharge  cleaning  of  the  substrates,  the  pres¬ 
sure  was  lowered  to  5  x  lO'^torr  and  the  SIO  evaporator  was  slowly 
heated  until  the  SiO  was  at  1200*^C.  The  temperature  was  measured  by  a 
thermocouple  inserted  through  the  outer  cylinders  and  pressed  securely 
against  the  inner  cylinder.  This  heating  was  done  slowly  to  enable 
the  pumps  to  hold  the  pressure  at  about  5  x  10“^  torr,  in  the  face  of 
the  increased  outgassing  of  the  SiO  as  it  was  being  heated.  The  sub¬ 
strates  were  protected  from  any  SiO  vapor  during  this  heating-up  period 
by  means  of  a  shutter  (not  shown  in  fig.  6)  placed  directly  over  the 
opening  of  the  tantalum  cylinder.  This  shutter  was  not  removed  until 
the  temperature  of  the  SiO  reached  1200°C  and  the  pressure  was  less  than 
or  equal  to  5  x  10”^  torr.  When  these  two  conditions  were  met,  the 
shutter  was  removed  and  the  evaporation  and  deposition  allowed  to  pro¬ 
ceed  unhampered  for  3  min  ,  at  which  time  the  shutter  was  again  placed 
over  the  tantalum  source  and  the  SIO  allowed  to  cool. 

2.8  Deposition  of  the  Top  Conductor  Pattern 


This  procedure  was  the  same  in  every  detail  as  that  for  the 
bottom  conductor,  except  for  the  use  of  different  masks. 

2.9  I nsertion  of  Prefabricated  Components  and  Completion  of 
^pjl_i  f 


In  addition  to  the  thin-film  components,  there  are  in  this 
circuit  a  hand-wound  coil,  and  a  2N700  commercial  transistor  that  had 
been  decased,  potted,  and  sliced  in  order  to  package  the  active  part  in 
flat  form,  as  is  described  fully  in  reference  1.  After  the  deposition 
of  the  thin-film  components,  these  two  prefabricated  components  were 
inserted  into  their  respective  holes  in  the  substrate.  They  were  held 
in  position  by  an  air-dried  polystyrene-base  adhesive.  The  connections 
between  the  inserted  components  and  the  thin-film  components  were  made 
with  a  silver-filled  epoxy  resin  conductive  adhesive  described  by 
Kilduff  and  Benderly  (ref  8) - 

The  conductive  adhesive  was  also  used  to  connect  the  lead-out 
wires  (number  38  copper  wire)  to  the  thin-film  conductors.  The  lead-out 
wire  was  first  inserted  through  the  lead  out  holes  and  then  twisted  to 
make  a  strong  mechanical  joint. 

The  completed  30-Mc  IF  amplifier  is  shown  in  figure  7.  Three 
models  were  constructed. 

2 . 10  Testing  of  Parts  and  of  the  30-Mc  IF  Amplifier  Stage 


Resistors  and  Conductors;  Resistance  was  measured  by  means 
of  an  ohmmeter.  Contact  was  made  to  the  films  with  metal  probes. 


Figure  7.  Microminiature  30-Mc  IF  amplifier  stage  with  thin-film 
passive  parts. 


1864-61 


Capacitors ;  Capacitance  was  Beaeured  on  the  30-llc  IP  aaplifler 
substrate  at  1000  cpa  using  a  standard  capacitance  bridge.  Contact  was 
■ade  to  the  fllas  with  netal  probes. 

Gain  Measureaents  on  the  30-Mc  Anpllfler  Stage ;  A  signal 
generator  was  connected  to  the  thin-fila  anpllfler  stage  through  a  SO-ohm 
generator  impedance,  the  input  voltage  being  read  directly  from  the  signal 
generator.  The  output  of  the  stage  was  then  connected  to  an  rf  voltmeter 
across  a  50-ohm  load.  The  gain  was  read  directly  fix>m  the  rf  voltmeter. 
Connection  was  made  to  the  stage  by  means  of  the  lead-out  wires. 

One  of  the  amplifier  stages  was  retested  after  storage  for  one 
year  in  a  desiccator. 

3.  DISCUSSION 


3.1  Design 

Minimal  thicknesses  of  resistive  and  dielectric  films  are  de¬ 
sirable  because  they  yield  highest  valued  resistors  and  capacitors, 
respectively,  per  unit  of  surface  area.  Ixtreme  thinness,  however,  is 
limited  as  follows: 

Q  (a)  Nickel- chromium  resistor  films  with  thickness  less  than 
100  A  tend  to  be  porous,  discontinuous,  and  greatly  affected  by  the  sur¬ 
face  condition  of  the  substrate  on  which  they  have  been  deposited.  These 
properties,  coupled  with  a  high  surface-to-bulk  ratio,  lead  to  instability 
of  the  film  due  to  oxidation  and  recrystallization. 

(b)  Silicon  monoxide  dielectric  films  tend  to  be  porous  at 
thicknesses  less  than  4000  or  5000  Jt;  in  the  case  of  deposited  capacitors, 
porosity  would  result  in  short-circuiting  of  the  deposited  upper  electrode 
to  the  base  or,  at  the  very  least,  a  reduction  in  the  effective  breakdown 
strength  of  the  capacitor. 

3.2  Mask-and-Substrate  Holder 


The  purpose  of  the  mask-and-substrate  holder  was  four-fold. 
First,  it  had  to  provide  for  fast,  easy  mask  changing.  This  was  neces¬ 
sary  to  Insure  that  the  substrates  were  exposed  to  the  atmosphere  for  a 
minimum  amount  of  time  between  evaporations.  Second,  each  mask  had  to 
be  placed  in  an  exact  position  relative  to  the  patterns  deposited  through 
other  masks  onto  the  same  substrate.  This  was  accomplished  by  means  of 
indexing  pins.  Third,,  the  masks  had  to  be  securely  pressed  against  the 
substrate  during  the  evaporation  in  order  to  obtain  sharp-edged  patterns. 
The  spring  clips  provided  adequate  pressure.  Last,  the  substrates  had 
to  be  held  against  the  mask-and-substrate  holder  with  enough  force  to 
insure  good  thermal  contact  when  the  substrates  were  heated.  The  spring 
clips  were  adequate  for  this  purpose  also. 


3.3 


Stainless-Steel  Masks 


Stainless  steel  was  used  for  the  masks  because  It  is  rigid  and 
does  not  sputter  under  glow-discharge  Uombardment .  The  spark  erosion 
technique^  a  new  approach  for  making  masks  at  HDL^  was  used  because^ 
thereby^  masks  can  be  made  readily  from  stainless  steel  within  the 
tolerances  required  for  this  work.  The  shadowgraph  measurements  on  the 
0.010-in. -wide  line,  made  with  the  spark  erosion  machine,  showed  that 
there  was  only  a  0.0003-in.  difference  between  the  width  of  the  0.010- 
in.  line  on  the  first  and  on  the  twelfth  mask.  The  differences  in  the 
intervening  masks  were  smaller.  The  edges  of  all  the  lines  appeared 
to  be  sharp. 

3.4  Glass  Substrates 


It  is  important  to  achieve  extreme  cleanliness  of  the  substrates 
in  vacuum-evaporation  work.  This  is  necessary  first  to  Insure  adequate 
adherence  of  the  deposited  layers  to  the  substrate  and  to  each  other, 
and  second,  to  Insure  removal  of  dust  particles  that  may  be  one  of  the 
factors  that  cause  pin  holes. 

As  noted  previously,  the  substrates  were  cleaned  by  both  chemical 
and  positive- ion-bombardment  processes.  These  procedures  were  followed 
because,  even  though  many  contaminants,  especially  oils,  salts,  etc,  are 
removed  from  the  substrates  by  conventional  chemical  cleaning  techniques, 
there  is  an  unavoidable  exposure  of  the  substrates  to  the  atmosphere 
after  cleaning  and  before  the  evacuation  of  the  vacuum  chamber.  This 
exposure  is  sufficient  to  recontaminate  the  substrate  surfaces,  especially 
with  surface  moisture  and  dust  particles.  Hence,  the  final  cleaning 
step,  the  ion  bombardment,  was  made  just  prior  to  the  deposition  of  the 
thin-fllm  component.  This  ion  bombardment  cleaning  is  useful  both  in 
heating  the  substrates,  thereby  volatilizing  surface  moisture  and  other 
volatiles,  removing  other  contaminants  that  neither  heat  alone,  nor  the 
chemical  cleaning,  can  remove  (ref  5). 

3.5  Vacuum-Deposited  Resistors 

An  alloy  of  nickel  (80^)  chromium  (2C^)  was  one  of  the  first 
thin-film  resistive  materials  investigated  at  HDL  (ref  2,9)  and  was  the 
one  chosen  for  the  resistor  elements  of  the  30-Mc  IP  amplifier. 

Nickel-chromium  (Ni-Cr)  films  having  resistance  values  of 
about  100  ohms  per  square  yielded  resistors  that  would  fit  on  a  0.6-ln.- 
square  plate  when  their  width  was  0.010  in. ;  and  these  resistors  were 
relatively  stable  with  time  and  temperature.  Such  films,  being  in  the 
lOO-to-200  X  thickness  range,  were  easily  deposited  in  a  short  time 
(2  to  3  min. ) . 

The  substrate*  Were  held  at  300°C  during  the  resistor  deposi¬ 
tion  because  a  hot  substrate  aids  in  the  adhesion  of  Ni-Cr  films  to 
glass.  A  hot  substrate  is  believed  to  cause  oxidation  of  the  layer  at 
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the  Ni-Cr  film/glass  substrate  Interface,  and  this  layer  is  thought  to 
effect  adhesion  between  the  two  surfaces  (ref  10).  The  heat  treatment 
in  vacuum  also  aided  in  the  stabilization  of  the  resistor  values  with 
time,  due  to  the  enhancement  of  well  ordered  crystal  structures  by  the 
heat  treatment. 

Deposition  of  the  resistive  film  was  continued  until  its 
resistance  value  reached  about  90  ohms  per  square,  Instead  of  the 
100  ohms  per  square  desired,  because  this  procedure  allowed  for  a  small 
Increase  in  resistance  due  to  the  10-mln.  post  annealing  at  250°C  in 
air,  and  further  small  Increases  due  to  prolonged  atmospheric  exposure. 
This  lO-mln  post  anneal  further  stabilized  the  resistance  values.  When 
the  resistors  were  tested,  a  value  of  95  ohms  per  square  was  obtained. 

3,6  Vacuum-Deposited  Conductors 

Although  copper,  gold  and  aluminum  have  often  been  used  at 
HDL  as  thln-fllm  conductors  (resistance  less  than  1  ohm  per  sq)  aluminum 
(Al)  was  used  as  the  conductive  material  in  th(?  30-Mc  IF  amplifier,  be¬ 
cause  it  was  to  be  employed  also  as  the  material  for  capacitor  electrodes. 
From  previous  experience  with  thln-fllm  capacitors,  it  was  known  that 
electrodes  of  either  copper  or  gold  frequently  short  through  the  di¬ 
electric,  and  even  after  clearing  the  shorts,  the  capacitors,  in  general, 
are  unreliable.  However,  when  Al  is  used  as  the  electrodes,  the 
capacitors  are  not  shorted  and  are  stable.  The  reason  the  Al  capacitors 
are  not  shorted  is  thought  to  be  due  to  the  "self-healing"  effect  of  Al. 
That  IS,  if  there  are  shorts  through  the  dielectric  when  the  capacitors 
are  made,  the  very  act  of  measuring  the  capacitance  causes  the  shorts 
(l.e.  the  filaments  Joining  the  top  and  bottom  conductor  films)  to  be 
heated  to  a  very  high  temperature  by  the  testing  current;  because  this 
is  dune  at  atmospheric  pressure,  these  hot  filaments  are  oxidized,  and 
thereby  burned  out,  remaining  clear  indefinitely. 

Another  reason  for  choosing  Al,  instead  of  either  copper  or 
gold,  is  that  it  adheres  well  to  glass  and  hence  does  not  require  an 
under-layer  of  chromium  and  associated  masking  and  multiple  depositions. 

The  conductors  as  tested  had  resistances  less  than  0.5  ohm  per 

square. 


3 . 7  Vacuum-Deposited  Capacitors 

An  ever-present  problem  in  the  deposition  of  thin-fllm  810 
dielectrics  is  the  occurrence  of  pin  holes  In  the  films.  These  pin 
holes  seem  to  be  prevalent  in  810  films  even  when  great  pains  have  been 
taken  to  insure  a  dust-free  substrata.  The  main  problem  in  the  appli¬ 
cation  of  810  as  a  thln-fllm  dielectric  is,  obviously,  the  shorting  of 
the  electrodes  through  these  pin  holes.  Although  this  problem  was  solved 
by  using  Al  as  the  electrode  material,  as  mentioned  above,  the  existence 
of  the  problem  was  a  factor  in  determining  the  thickness  of  films  to  be 
used. 
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Upon  rewriting  the  formula  used  for  determining  area  of  the 

dielectric  in  terms  of  capacitance,  C  =  ^  ,  it  can  be  seen  that 

C  varies  inversely  with  film  thickness  (d).  Theoretically,  therefore, 
the  thinner  the  film,  the  higher  the  capacitance.  However,  experience 
had  shown  that  the  thinner  the  dielectric,  the  greater  the  pin-hole 
problem.  A  third  consideration  was  that  an  adequate  dielectric  thickness 
had  to  be  provided  to  withstand  dielectric  breakdown  at  the  voltage  existing 
in  the  circuit.  Hence,  a  compromise  thickness  had  to  be  found.  Experience 
had  shown  that  5000  %  was  a  practical  value;  films  of  this  thickness  were 
relatively  free  from  pin  holes,  and  the  breakdown  voltage,  calculated  from 
dielectric  strength  at  5000  X,  was  26  v  across  the  dielectric. 

When  the  capacitors  were  measured  on  the  30-Mc  IF  amplifier 
substrate,  they  were  found  to  have  capacitances  of  0.0011  )if  and  none 
were  shorted.  When  a  signal  was  applied  to  the  amplifier,  there  was  a 
14-v  drop  across  the  capacitor.  Similar  thin-film  capacitors  made  at 
HDL  have  withstood  25  to  75  v  before  breakdown,  indicating  that  these 
capacitors  are  entirely  adequate  for  this  application. 

3.8  Inserted  Components 


The  inserted  components  in  the  30-Mc  IF  amplifier  were  a  2N700 
transistor  and  a  hand-wound  toroid.  The  transistor  was  chosen  because 
its  mechanical  construction  was  such  that  it  could  easily  be  sliced  to  an 
0.030-in.  thickness,  and  its  size,  of  course,  was  extremely  important  in 
this  application.  Other  characteristics  that  made  this  transistor  at¬ 
tractive  were  good  gain  at  30  Me,  Its  low  and  controllable  capacitance, 
and  its  availability. 

The  toroid  was  especially  designed  and  made  for  this  circuit 
at  HDL.  Its  low  magnetic  field  and  flat  construction  made  it  extremely 
useful  for  microcircuit  application.  It  used  7  pf  of  stray  capacitance  for 
tuning,  at  which  capacitance  the  inductance  to  resonate  at  30  Me  was 
calculated  to  be  4.0  ^h.  The  toroid  had  a  diameter  of  0.180  in.  and  a 
thickness  of  0.050  in. 

The  complete  parameters  of  the  transistor  and  toroid  were  given 
in  the  report  by  Vetter  and  Hall  (ref  1). 

3.9  30-Mc  IF  Amplifier  Stage 


One  of  the  three  circuits  had  to  be  discarded  because  it 
developed  a  short  circuit  in  one  of  its  parts.  As  noted  previously,  the 
capacitors,  when  tested  separately,  were  not  shorted  and,  therefore, 
the  short  is  not  attributed  directly  to  a  short  through  a  capacitor  di¬ 
electric. 
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Test  data  for  the  two  remaining  circuits  are  given  in  table  I. 
These  circuits  exhibited  power  gains  of  16.5  db  and  14.7  db.  Upon  re¬ 
testing  the  16.5-db  circuit  after  storage  for  one  year  in  a  desiccator  at 
room  temperature,  the  gain  was  15.1  db.  The  bandwidths  during  these 
three  tests  were  about  10  Me. 

The  value  of  gain  given  in  reference  1  for  the  2D  version  of 
the  30-Mc  IF  amplifier  was  100  db  (for  5  stages).  It  can  be  seen  that 
the  gain  of  the  thin-film  version  of  the  amplifier  (1  stage)  compares 
favorably  with  that  of  the  2D  version. 

A  50-ohm  resistance  was  used  as  the  output  termination  in 
order  to  compare  the  thin-film  30-Mc  IF  amplifier  stage  with  the  2D 
version.  It  must  be  noted,  however,  that  a  50-ohm  output  termination 
is  not  the  optimum  output  res;-.stance  for  maximum  gain  in  the  thin-film 
stage.  The  optimum  output  termination  resistance  was  found  to  be  9.5 
ohms  for  each  circuit.  When  this  resistance  was  used,  the  maximum  gains 
were  found  to  be  18.3  db  and  19.8  db  p)er  stage  as  indicated  in  table  II. 

This  thin-film  amplifier  was  no  smaller  than  the  prior  2D 
amplifier.  The  significant  accomplishment  lies  in  the  substitution  of 
vacuum-deposited  thin-film  resistors,  conductors,  and  capacitors  for 
conventional  printed  and  inserted  parts.  When  active  parts  can  be  made 
by  thin-film  techniques,  and  a  complete  thin-film  circuit  made,  the 
potential  of  thin-film  circuits  in  microminiaturization  can  be  realized. 

4.  CONCLUSIONS 

(1)  Two  operating  30-Mc  IF  amplifier  stages  have  been  constructed 
from  vacuum-deposited  thin-film  conductors,  resistors,  and  capacitors, 
and  an  inserted  coil  and  transistor.  These  amplifiers  have  power  gains 
of  15.1  db  and  14.7  db  and  a  bandwidth  of  about  10  Me.  Although  these 
parameters  are  equally  dependent  upon  the  active  and  passive  parts,  they 
are  significant  because  they  show  that  suitable  vacuum-deposited  con¬ 
ductors,  resistors,  and  capacitors  were  built  into  an  operating  circuit. 

(2)  New  techniques  developed  in  constructing  this  amplifier  in¬ 
cluded  the  application  of  a  spark-erosion  machine  to  cut  slots  as  narrow 
as  0.010  in.  through  a  stack  of  twelve  stainless-steel  masks  with  a 
maximum  variation  in  width  of  only  0.0003  in. 

(3)  The  thin  metal  film  resistors,  deposited  from  a  vapor  of  nickel 
and  chromium,  can  be  expected  to  be  more  stable  than  conventional  screen- 
printed  carbon  composition  resistors. 

(4)  The  thin-film  capacitors,  made  from  a  dielectric  layer  of 
silicon  monoxide,  and  electrodes  of  aluminum,  exhibited  capacitance  values 
of  0.0011  nf.  This  constitutes  a  capacitance  of  0.0097  |if/cm®,  a  value 
near  the  upper  limit  for  capacitors  of  this  type. 
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(5)  Development  of  a  completely  thin-film  amplifier^  or  of  any 
entirely  thin-film  circuit,  awaits  the  development  of  thin-film  active 
parts . 
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Tftble  I.  Electrical  Cttaracterlstics  of  thb  30'-Mo  IF^Ampllfler  Stage 


No.  1 

No.  2 

Original  values 

Retest  after 
etie  year 

Original 

values 

Gain  (db) 

16.5 

15.1 

14.7 

Center  frequency  (Me) 

35.3 

35.0 

32.0 

Bandwidth  (Me) 

30.2-41.7 

30.2-39.6 

27.3-37.8 

V  (v) 

cc 

-14 

-14 

-14 

V  (v) 

ee 

+14 

+14 

+14 

I  (ma) 
c 

3.0 

3.4 

4.0 

I  (ma) 
e 

3.7 

3.7 

4.3 

Input  termination  (ohms) 

50 

50 

50 

Output  termination  (ohms) 

50 

50 

50 

V  (mv) 

in 

15.0 

17.5 

18.5 

V  .  (mv) 
out 

100 

100 

100 

Table  II.  Maximum  Gain 

of  the  30-Mc 

IF  Amplifier  Stage 

No.  1 

No.  2 

Gain  (db) 

18.3 

19.8 

Center  frequency  (Me) 

37.4 

36.2 

Bandwidth  (Me) 

33.2-41.0 

31.8-39.8 

V  (v) 

cc 

-14 

-14 

V  (v) 

ee 

+14 

+14 

I  (ma) 

c 

3.4 

4.0 

I  (ma) 

e 

3.7 

4.3 

Input  termination  (ohms) 

50 

50 

Output  termination  (ohms) 

9.5 

9.5 

Vin  (mv) 

27.9 

23.4 

'^out^"’"> 

100 

100 
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Attn:  AMCCG 

Commanding  General 
U.  S.  Army  Materiel  Command 
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Commanding  General 
U.S,  Army  Materiel  Command 
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Commanding  General 
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Office  of  the  Director  of  Defense  Research  and  Engineering 
The  Pentagon,  Washington  25,  D.  C. 
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Commanding  General 
U.S.  Army  Munitions  Command 
Frankford  Arsenal 
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Commanding  General 
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Commanding  Officer 

Foreign  Science  and  Technology  Center 
Washington  25,  D.  C. 

Attn  AMXST-SD-TD 
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Engineer  Research  and  Development  Laboratories 
U .  S .  Army 

Fort  Belvoir,  Virginia 

Attn:  Technical  Documents  Center 

Commanding  General 

Headquarters,  US  Continental  Army  Command 
Fort  Monroe,  Virginia 

Commanding  General 
Tank-Auto  Command 
1501  Beard  Street 
Detroit,  Michigan 

Commanding  Officer 
U.  S.  Army  Biological  Laboratories 
Fort  Detrick 
Frederick,  Maryland 
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Department  of  the  Navy 

Chief  of  Naval  Operations 

The  Pentagon,  Washington  25,  D.  C. 

Attn:  Research  and  Development 

Department  of  the  Navy 
Washington  25,  D.  C- 
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U.  S.  Naval  Ordnance  Laboratory 
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Commander 

U.  S.  Naval  Air  Missile  Test  Center 
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Headquarters 
U.  S.  Air  Force 
Washington  25,  D.  C. 

Department  of  the  Air  Force 

Deputy  Chief  of  Staff  for  Development 

The  Pentagon,  Washington  25,  D.  C. 

Attn:  Director  of  Research  and  Development 

Commander 

Air  Research  and  Development  Command 
Andrews  Air  Force  Base 
Washington  25,  D.  C. 

Commander 

Air  Materiel  Command 

Wright-Pat terson  Air  Force  Base,  Ohio 
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Rome  Air  Development  Center 
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